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TALK OUTLINE

I) The Changing Arctic : Ocean C-Cycle Response
IT) Model Description
I11) Results

IV) Southern Ocean : Future work at S1I0 with ECCO2



Motivation : A Changing Arctic Ocean
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BATES ET AL.: CO, SINK IN THE ARCTIC OCEAN
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Sea-Ice Cover is the main factor

driving the Arctic Ocean CO, uptake
CO, Uptake increased from 24

TgClyr to 66 TgC/yr in 3 decades

Large uncertainty in the estimate of

contemporay CO, sink (20-100 TgC/yr)

Poor spatial-temporal coverage of obs.
of carbon data makes the estimates of
the CO, sink HIGHLY UNCERTAIN.



Arctic Ocean Carbon Cycle - Winter
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Arctic Ocean Carbon Cycle - Summer

ATMOSPHERE

Land .

Biosphere /
N Il B

Coast
Phytoplankton

Shelf Surface Ocean

CARBON
EXPORT

Deep Ocean




Regional Set-Up Cubed Sphere from ECCO2
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Arctic Ocean Model

1) Ocean GCM (MITgcm, 18Km Horizontal Resolution, OBC)
2) Sea-Ice Model (Thermodynamics&Motion)
3) Ocean biogeochemical module (5+1 Tracers) :

DIC, ALK, O,, DOP, PO4, + Riverine DOC (coupled to Ocean C-Cycle)
(*) Biologial production limited by LIGHT, PO,
(*) Initialization : Observed physical and biogeochemical fields

(*) Re-analyzed NCEP Forcing 1995-2007 :
1992-1995 (spin-up) ==> 1996-2007 (study period)

Model Details in :

I) Riverine DOC dynamics :: Manizza et. al GBC, 2009.

IT) RDOC/OCC Coupling :: Manizza et al. , 2009, Submitted to JGR-BGC
RDOC lowers by 10 % CO, uptake in the Arctic Ocean.



Arctic Ocean Carbon Cycle Response
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Arctic Ocean Carbon Cycle Response

Sea Ice cover reduction increases
e R the bioloical pump efficiency
TN (major factor)
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Arctic Ocean Carbon Cycle Response

Sea Ice cover reduction increases
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Arctic Ocean Carbon Cycle Response

Sea Ice cover reduction increases
e S the bioloical pump efficiency
vy (major factor)
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Arctic Ocean Carbon Cycle Response
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Saturation of the Southern Ocean CO,
Sink Due to Recent Climate Change

Corinne Le Quéré,™?>* Christian Rodenbeck,* Erik T. Buitenhuis,? Thomas ]. Conway,*
Ray Langenfelds,” Antony Gomez,® Casper Labuschagne,” Michel Ramonet,®
Takakiyo Nakazawa,’ Nicolas Metzl,*® Nathan Gillett,"* Martin Heimann®

Based on observed atmospheric carbon dioxide (CO,) concentration and an inverse_method, we
estimate thaf the Southern Ocean sink of CO, has weakened between 1981 and 2004|by 0.08
petagrams of carbon per year per decade relative to the trend expected from the [arge increase in
atmospheric CO,. We attribute this weakening to the observed increase in Southern Ocean winds
resulting from human activities, which is projected to continue in the future. Consequences include
a reduction of the efficiency of the Southern Ocean sink of CO; in the short term (about 25 years)
and possibly a higher level of stabilization of atmospheric CO, on a multicentury time scale.
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é@ 1) Results forcing dependent ?
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: 2) What about role of key water
PP T masses formation in C uptake ?
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Ocean CO, Uptake by SAMWSs/AAIWSs
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A. Fetter talk showed the physical setting of this study



Ocean CO, Uptake by SAMWSs/AAIWs
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Ocean CO, Uptake by SAMWSs/AAIWSs
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WM formation => Subduction => CO, Sequestration



Ocean CO, Uptake by SAMWSs/AAIWSs
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S.0. CO, uptake depends on how WELL we represent SAMWSs and AAIWs



Questions to answer with ECCO2 tools

1) How important is realistic ocean physics for CO, uptake ?
2) What is CO, uptake of AAIWs and SAMWs in ECCO2 ?

3) What is sensitivity of water masses formation rate
to different atmospheric state and its impact on CO, uptake?

4) What is the ditterence in CO, uptake in the Southern Ocean
among ECCO2, SOSE, and coarse global models for

the recent past ?



Ocean CO, Uptake by SAMWSs/AAIWSs

LONGITUDE : 170.5W

Agulhas \
\wecnon \\ *3;

1
|
11]
(=]
o
&
-
E
x
[y
)
Q
1200 %,
‘%’9(, 7

@ Subduction e==p ACC mixed-ayer transport @ @ @ @ @ Mode water pools

§5°3 45°5 35°5
LATITUDE
Upwelling = Western boundary currents Export to the interior

CONTOUR: TEMP

Salinity and Temperature at 170W

65 S 25 S
Sallee’ et al., JPO, in press
Use of SOSE/ECCO?2 as reference oceanic state to drive CO, fluxes

Comparing constrained and constraiend CO, uptake estimates
Comparing with coarse global ocean models



Modeling & Observing Changes

Arctic biogeochemical model
2007 Minus 2006

Surface Net Community Production
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Satellite-based Observations
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